The purpose of this study was to evaluate the effects of milnacipran on body weight in patients with fibromyalgia. Methods: Analyses were conducted in the following groups: patients from three doubleblind, placebo-controlled milnacipran trials (3 months, n = 2096; 6 months, n = 1008); 354 patients receiving milnacipran in placebo-controlled trials and double-blind extension studies (total $ 12 months of treatment); and 1227 patients in a long-term (up to 3.25 years) open-label milnacipran study. Results: In placebo-controlled trials, 77% of patients were overweight or obese at baseline (body mass index $ 25 kg/m 2 ). Mean weight loss was found with milnacipran at 3 months (100 mg/day, −1.14 kg; 200 mg/day, −0.97 kg; placebo, −0.06 kg; P , 0.001) and 6 months (100 mg/ day, −1.01 kg; 200 mg/day, −0.71 kg; placebo, −0.04 kg; P , 0.05). Approximately twice as many milnacipran-treated patients had $5% weight loss from baseline compared with placebo (3 and 6 months, P , 0.01). In extension studies, mean weight loss in patients receiving $12 months of milnacipran was −1.06 kg. In patients receiving $3 years of treatment in the open-label study, mean changes at 12, 24, 30, and 36-38 months were −1.16, −0.76, −0.19, and +0.11 kg, respectively. Among milnacipran-treated patients, rates of nausea (the most common adverse event) were lower among patients who lost weight than among those who did not (3 months, P = 0.02).
Introduction
Fibromyalgia is a multisymptomatic pain disorder often accompanied by additional health problems, including comorbid pain disorders, psychiatric illness, and/or chronic medical conditions. [1] [2] [3] A reported 32%-50% of patients with fibromyalgia are obese (body mass index [BMI] $ 30), and 21%-30% are overweight (BMI $ 25). [4] [5] [6] [7] [8] [9] Higher BMIs in patients with fibromyalgia have been significantly correlated with decreased physical functioning, reduced quality of life, increased pain sensitivity, and sleep problems. 4, [6] [7] [8] [9] [10] Several factors may contribute to the relationship between fibromyalgia and obesity. 11 First, some pathophysiologic abnormalities found with fibromyalgia are also associated with obesity, such as dysregulation of the hypothalamic-pituitary axis, hormonal imbalances, and increased sensitivity to pain. 7, 8 In addition, obesity may exacerbate pain by increasing pressure on joints, possibly leading to more limited physical activity and weight gain. 12 Comorbid depression or other psychiatric disorders commonly associated with obesity may also contribute to weight gain in patients with fibromyalgia. 11, 13 Finally, weight gain can result from medications used to manage symptoms of fibromyalgia and/or treat comorbid conditions. 14, 15 Pregabalin, duloxetine, and milnacipran are currently approved medications for the management of fibromyalgia. Potentially clinically significant changes ($7% change from baseline) have been reported for these medications. In placebo-controlled studies (13-14 weeks), 16, 17 9%-15% of patients with fibromyalgia receiving pregabalin experienced potentially clinically significant weight gain; mean weight changes were not reported. In a pooled analysis of placebo-controlled fibromyalgia trials with duloxetine (#3 months), 18 mean weight changes with duloxetine and placebo were −0.87 kg and +0.01 kg, respectively (P # 0.001). Potentially clinically significant changes were as follows for duloxetine and placebo, respectively: weight loss, 3.0% and 0.8% (P , 0.05); weight gain, 0.9% and 1.4% (nonsignificant). Mean weight gain (+0.68 kg) was found in duloxetine-treated patients who continued into non-placebocontrolled extension studies (.12 months), with 8.8% and 16.0% of patients experiencing potentially clinically significant weight loss and gain, respectively.
Mean weight loss (−0.7 to −1.8 kg) was found in patients with fibromyalgia receiving milnacipran in placebocontrolled trials (3-6 months), [19] [20] [21] with more patients experiencing potentially clinically significant weight loss (2.8% to 10.4%) than gain (1.0% to 3.0%, data on file, Forest Laboratories Inc). Mean weight loss (−0.6 to −1.0 kg) was also found in milnacipran-treated patients who entered an extension study and received 12 total months of active treatment. 22 The present set of analyses was conducted to investigate further the effects of milnacipran on weight in patients with fibromyalgia receiving short-term and longterm treatment. In addition to examining the effects of baseline BMI, treatment response, and nausea on body weight in a large sample of patients with fibromyalgia pooled from the three placebo-controlled trials of milnacipran, [19] [20] [21] this report presents the following: pooled results from patients in double-blind extension studies who received $12 months of continuous milnacipran treatment 22, 23 and the findings from a long-term, open-label study that was conducted in patients who had participated in a previous milnacipran study. 24 Analyses of data from a subset of patients who received $3 years of treatment in the open-label study were also conducted to evaluate the long-term effects of milnacipran on body weight.
Materials and methods

Overview of studies
Pooled data from three placebo-controlled studies [19] [20] [21] in patients meeting 1990 American College of Rheumatology criteria for fibromyalgia 25 were analyzed to evaluate the effects of milnacipran on body weight at 3 and 6 months. Study designs and methods for these three studies have been previously published. Study 1 was a 6-month trial of milnacipran 100 or 200 mg/day versus placebo that reported 3-month and 6-month outcomes. 19 Study 2 was a 3-month trial that also investigated milnacipran 100 or 200 mg/day versus placebo. Although this study was designed to evaluate 3-month outcomes, a subset of patients continued treatment for up to 6 months. 20 Study 3 was a 3-month trial that explored the safety and efficacy of milnacipran 100 mg/day. 21 The current report includes analyses in patients who had available weight data at baseline (n = 3104), at 3 months (n = 2096), and at 6 months (n = 1008).
Analyses were also conducted in 354 patients who received milnacipran during lead-in and extension studies 22, 23 and received $12 total months of continuous treatment, as well as 1227 patients in a 3-year, open-label, flexible-dosing study with milnacipran 24 who had participated in a prior placebo-controlled trial or extension study. To be as comprehensive as possible, additional analyses were conducted in 220 patients who received $3 years of treatment in the open-label study (ie, patients who reached the final study visit at 36-38 months).
Patients in placebo-controlled and extension studies were required to discontinue centrally acting medications used to manage fibromyalgia symptoms, such as antidepressants, anticonvulsants, opioids, and muscle relaxants. However, such medications were allowed in the open-label study, with the exception of antidepressants that inhibit serotonin and/or norepinephrine reuptake. Weight-related interventions were not specifically prohibited in the milnacipran studies, and a few patients included in the 3-month, 6-month, and 12-month weight analyses (,1%) reported taking antiobesity drugs such as phentermine or orlistat; antiobesity drug use was slightly higher in the open-label study (1.1% of patients). Other medications commonly associated with weight change, such as diabetic therapies, corticosteroids, or beta-blockers, 14, 15 were also allowed in the milnacipran studies.
Statistical analyses
Analyses were conducted on intent-to-treat populations based on observed cases, except where indicated otherwise. Least squares mean changes in weight were analyzed using analysis of covariance, with treatment group and study center as factors and baseline value as a covariate.
Analysis of covariance was also used to analyze weight changes in patients stratified by baseline BMI (3 months) and in treatment responders and nonresponders (3 and 6 months). Baseline BMI strata were based on World Health Organization categories, ie, underweight/normal weight (BMI , 25 kg/m 2 ), overweight (BMI 25 to , 30 kg/m 2 ), and obese (BMI $ 30 kg/m 2 ). 26 Treatment responders were patients with $30% improvement in visual analog scale pain scores and Patient Global Impression of Change rating of "very much improved" or "much improved". Pearson correlations between changes in weight and pain were analyzed in patients receiving $3 years of milnacipran treatment in the open-label study.
For overweight and obese patients, $5% weight loss is considered a clinically relevant cutoff for controlling cardiovascular and other risk factors 27, 28 and is used to determine significant weight loss in obesity trials. 29 Given the many overweight/obese patients found in milnacipran studies (see Results), $5% weight changes were analyzed for the placebo-controlled (3 and 6 months), extension ($12 months), and open-label ($3 years) studies. Chi-square tests were used to compare $5% weight changes with milnacipran versus placebo, as well as the incidence of nausea in milnacipran-treated patients who did and did not experience weight loss.
All hypothesis tests were two-sided, with a significance level of 0.05. Descriptive statistics are presented for 12-month and 3-year patient populations.
Results Patients
Demographics of patients in the three placebo-controlled trials were similar across treatment groups. [19] [20] [21] Most were female (95.8%) and white (92.7%), with a mean age of 49.6 years. In the 3104 patients with available baseline weight data from these studies, mean baseline body weight was 82.4 kg and mean BMI was 30.7 kg/m 2 . Based on World Health Organization criteria, 26 77% of patients in these studies were classified as overweight or obese at baseline, with 49% of patients in the obese category ( Figure 1 ). Similar demographics were found in patients who continued into extension studies 22, 23 and the open-label milnacipran study. 24 
Placebo-controlled trials and extension studies
At 3 and 6 months in placebo-controlled trials, weight loss was significantly greater with milnacipran (about 1 kg) than placebo (about 0.05 kg, Table 1 ). Significant differences between milnacipran and placebo were observed at the first study visit and every subsequent visit over 6 months of treatment ( Figure 2A ). The percentage of patients with $5% weight loss was significantly higher with milnacipran than with placebo at 3 and 6 months (P , 0.01), whereas $5% weight gain was higher with placebo ( Figure 3A and B). Among patients receiving $12 months of milnacipran treatment, mean weight change from beginning of the lead-in study to the final visit of the extension study was −1.06 kg ( Figure 2B ). In this group, almost twice as many patients had a $5% weight loss than gain ( Figure 3A and B), based on last available assessment.
Long-term open-label study
For the overall study population, mean weight change from study baseline to last available assessment was −0.3 kg. To account for weight changes that had occurred during lead-in studies (3 to 15 months) and further evaluate the effects of long-term milnacipran on body weight, additional analyses were conducted in patients who received Figure 2C ). The percentage of patients with $5% weight loss from the lead-in study baseline was relatively constant from 6 months (24.1%) to 36-38 months (24.1%, Figure 3C ). However, the percentage of patients with a $5% weight gain gradually increased over time (6 months, 12.3%; 36-38 months, 28.6%).
At each visit in this long-term, open-label study, Pearson correlations (r) between changes in weight and visual analog scale pain scores were very low (range, −0.05 to +0.13) with no significant P values, indicating no or minimal association between weight change and pain improvements.
Analyses by baseline BMI and treatment response
Milnacipran-treated patients lost weight regardless of baseline BMI, with significant differences between milnacipran and placebo in overweight and obese patients at 3 months (Table 1) . No significant differences between milnacipran and placebo were found in underweight/normal weight patients, possibly due to the smaller size of this subgroup. In addition, overweight and obese patients had greater mean weight losses with milnacipran than underweight/normal weight patients, but statistical comparisons among these three subgroups were not performed.
Weight loss with milnacipran was also observed regardless of treatment response, with significant differences between milnacipran and placebo at 3 and 6 months in both treatment responders and nonresponders (Table 1) . However, at both time points, mean weight loss was greater in treatment responders than nonresponders; this difference was significant for milnacipran 100 mg/day at 3 months (P = 0.02) with a trend for milnacipran 200 mg/day.
Nausea and weight-related adverse events
Nausea was the most common treatment-emergent adverse event in the placebo-controlled trials. [19] [20] [21] To explore whether weight loss with milnacipran was attributable to nausea, nausea rates were analyzed in patients who lost and did not lose weight in these studies. In the 3-month analysis, the proportion of patients who had experienced nausea was significantly lower in milnacipran-treated patients who lost weight (33.9%) than in patients who did not (40.5%; P = 0.02). In the 6-month analysis, the proportion of patients with nausea remained lower in patients who lost weight (33.0%) than those who did not (39.7%), but the difference was not significant.
Weight-related adverse events (ie, decreased appetite, increased appetite, anorexia, decreased weight, and increased weight) occurred in ,2% of patients receiving milnacipran or placebo for 6 months in placebo-controlled trials. Discontinuations due to these weight-related adverse events were also low (#0.25%) in the placebo-controlled trials. Weight-related adverse events occurred in ,3.5% of patients in the extension studies ($12 months) and in the long-term, open-label study.
Discussion
Clinically relevant weight changes ($5% change from baseline) were evaluated in this largely obese/overweight 6 -month analyses in treatment responders and nonresponders based on study 1 only. 19 Treatment responders defined as patients with $30% improvement in visual analog scale pain scores and a rating of "very much improved" or "much improved" on the Patient Global Impression of Change; [19] [20] [21] and data for weeks 19-27 are from two studies. 19, 20 The last visit for study 1 was at week 27, and the last visit for study 2 was at week 29. *P , 0.05; **P , 0.01; ***P , 0.001 versus placebo. Abbreviation: LS, least squares. Notes: The 3-month analyses (n = 2096) and 6-month analyses (n = 1008) included patients who participated in a placebo-controlled trial of milnacipran. The $12-month analyses (n = 354) included patients who received milnacipran during a placebo-controlled trial and extension study, and are based on weight changes from the lead-in study baseline. Analyses for the 3-year cohort (n = 220) are based on weight changes from baseline of the first lead-in study prior to the long-term, open-label study. **P , 0.01; ***P , 0.001 versus placebo.
Patients with ≥5% weight loss in placebo-controlled and extension studies Figure 3A) ; weight gain was more common with placebo than milnacipran ( Figure 3B ). Among patients in extension studies who received $12 months of milnacipran treatment, clinically relevant weight loss (24.9%) was more common than weight gain (13.6%). In the 3-year cohort in the open-label study, the percentage of patients with $5% weight loss remained relatively constant over time (24.1% at 6 months, 24.1% at 36-38 months), whereas the percentage of patients with $5% weight gain increased over time (12.3% at 6 months, 28.6% at 36-38 months). These findings suggest that a subset of patients with fibromyalgia may maintain modest weight loss with milnacipran over long periods of time, although analyses of weight changes within individual patients would be needed to explore this possibility.
Regarding group differences in mean weight changes, the pooled analysis of three placebo-controlled studies showed significant mean weight loss in milnacipran-treated patients at 3 and 6 months (Table 1) , with similar weight loss (−1.06 kg) found in patients who participated in extension studies and received $12 months of continuous milnacipran treatment.
Among all patients participating in the long-term, openlabel study, mean change from study baseline to the last available assessment was −0.3 kg. However, these results do not reflect weight changes that occurred during placebocontrolled and extension studies that led into the open-label study. In patients receiving $3 years of treatment in the open-label study (in addition to 3-15 months of prior study treatment), mean decreases from lead-in study baseline were found at 12 and 24 months (−1.16 kg and −0.76 kg, respectively), with mean changes drifting back to baseline at 30 months (−0.19 kg) and the final study visit at 36-38 months (+0.11 kg).
Nausea was the most commonly reported adverse event with milnacipran (studies 1 to 3: placebo, 20.6%; 100 mg/day, 35.5%; 200 mg/day, 40.1%). [19] [20] [21] In the present analysis, nausea rates were significantly lower in patients who lost weight than in patients who did not lose weight, suggesting that nausea did not contribute to weight loss.
Because patients who respond to milnacipran may be more likely to continue treatment, analyses were also conducted in treatment responders and nonresponders. In placebo-controlled studies, the proportion of treatment responders (patients with simultaneous improvements in pain and global status) at 3 and 6 months was significantly higher with milnacipran (39% to 46%) than placebo (25% to 28%, P , 0.05). [19] [20] [21] In the present analysis, significant mean weight loss was found with milnacipran versus placebo regardless of responder status (3 and 6 months, P , 0.05). These preliminary results, along with the lack of correlation found between changes in weight and pain in patients receiving $3 years of open-label milnacipran treatment, suggest that weight loss with milnacipran was not completely dependent on improvements in pain or other fibromyalgia symptoms. However, weight loss was approximately 45%-120% greater in treatment responders than in nonresponders. Additional correlations between weight, pain, and other potentially relevant factors, such as physical functioning, would be needed to characterize further the relationship between milnacipran efficacy and weight change.
Drug-induced weight gain is just one factor to consider when developing a treatment plan, but it may be an important issue for patients who are concerned about weight. 15 Additionally, clinicians should consider a multidisciplinary treatment plan in patients with fibromyalgia who are overweight or obese. 30 A plan that includes medication to manage pain and other disruptive symptoms along with mild-tomoderate aerobic exercise 31, 32 and cognitive behavioral therapy 33, 34 may benefit many patients with fibromyalgia. Although the evidence in patients with fibromyalgia is limited, dietary programs may also benefit some patients. 35 
Limitations
This was a post hoc analysis and the studies included were not prospectively designed to measure weight change as a primary outcome. The analyses were based on a clinical study population, which primarily included women (about 95%) with moderate or severe baseline pain. Thus, any interpretation regarding gender differences or disease severity would be limited. In addition, no analyses were conducted in patients with comorbidities that may complicate weight problems, such as diabetes or hypertension, nor were any analyses adjusted for familial or environmental factors that could affect weight. 12 Moreover, patients with major depressive disorder were excluded from the studies. [19] [20] [21] Thus, no conclusions about the effects of milnacipran in these subsets of patients can be drawn. Conclusions regarding the effects of nausea on weight may also be limited given that the analysis did not differentiate between transient and persistent nausea. Although the majority of nausea episodes (.60%) observed in the placebo-controlled studies were resolved within 3 weeks of onset, 21, 36 some patients with ongoing nausea may have altered their eating habits which in turn may have submit your manuscript | www.dovepress.com Dovepress Dovepress affected their weight. Finally, patients with fibromyalgia often require multiple medications and the present analysis did not explore the effects of milnacipran on body weight in patients taking concomitant medications that may contribute to weight changes. Although centrally acting medications used to treat fibromyalgia symptoms were prohibited in the placebo-controlled and extension studies, some drugs associated with weight change were allowed.
Conclusion
The majority (77%) of patients with fibromyalgia in placebocontrolled milnacipran trials were classified as overweight or obese (BMI $ 25 kg/m 2 ). In light of these potential weight problems, the effects of medication on body weight may need to be considered when managing these patients. Overall, mean weight changes observed in placebo-controlled and extension studies suggested that treatment with milnacipran for $12 months was not associated with weight gain. In addition, no mean weight gain was found in patients receiving up to 30 months of milnacipran treatment in a longterm, open-label study, with mean weight drifting to above baseline values in patients receiving $3 years of treatment. Analyses of data at 3 and 6 months indicate that the effects of milnacipran on body weight are observed regardless of treatment response, although weight loss may be greater in treatment responders. Patients with weight problems may benefit from a multidisciplinary treatment approach.
